Introduction
The hemoglobin scavenger receptor (HbSR), also known as CD163 and M130, is the recently identified receptor scavenging haptoglobin-hemoglobin complexes. 1 HbSR is a member of the scavenger receptor cysteine-rich (SRCR) family 2 and consists of 9 extracellular group B SRCR domains, a transmembrane segment, and a short cytoplasmic tail 3 with several potential phosphorylation sites. HbSR is expressed exclusively in cells of the monocytic lineage, and high expression is seen in phagocytic tissue macrophages. 4 There are strong indications that HbSR and its ligand may play a direct active role in the inflammatory response, and HbSR is tightly regulated by proinflammatory and anti-inflammatory mediators. Glucocorticoids, interleukin (IL)-6 and IL-10 (but not IL-4 or IL-13) induce increased expression of both messenger RNA and surface receptor protein. [5] [6] [7] Furthermore, antibody-mediated HbSR cross-linkage induces intracellular signaling and secretion of IL-6 and granulocyte-macrophage colony-stimulating factor. 8, 9 Probably, the antibody mimics a ligand-induced signaling.
Shedding of a soluble form of HbSR from in vitro cultured cells 10 and detection of CD163 immunoreactivity in plasma suggest the existence of a natural soluble form of HbSR. 11 We identified this soluble receptor (sHbSR) in plasma and established a sensitive assay showing high concentrations in healthy individuals. We then explored whether the concentration of sHbSR varied in a panel of patients with various hematological diseases. These data indicate that the level of sHbSR is dependent on leukocyte stimulation and proliferation.
Study design Purification of HbSR and production of recombinant sHbSR
The membrane form of human HbSR was purified as recently described. 1 The exact concentration of HbSR was determined by amino acid analysis of hydrolyzed protein. 12 A recombinant sHbSR derivative consisting of the extracellular domain (SRCR 1-9) without transmembrane segment and cytoplasmic tail was expressed in Chinese hamster ovary (CHO) cells stably transfected with an HbSR complementary DNA (cDNA) fragment encoding amino acids 1 through 1045 of human HbSR. The cDNA plasmid was generated by the following procedure: A cDNA fragment corresponding to the bases 3045 to 3135 with the addition of a stop codon and a Not I site was created by polymerase chain reaction (PCR). The PCR-generated DNA fragment was ligated into the internal Pst I site (position 3056-3061) and the Not cloning site of the previously described full-length HbSR pcDNA ϩ plasmid. 1 This procedure substituted bases 3136 to 3351, encoding the transmembrane region and the cytoplasmatic tail of HbSR, with a stop codon. The expression product from the transfected CHO cells was secreted into the medium as a soluble protein. The recombinant protein representing the extracellular domain of HbSR was purified from the medium by haptoglobin-hemoglobin affinity chromatography. 1
Patient samples
Serum was obtained from 130 blood donors at least 3 months after the last donation (65 men and 65 women), and surplus plasma and/or serum was obtained from blood samples from 140 patients taken for routine analysis at the Department of Hematology, Aarhus University Hospital (Denmark). Clinical data were obtained from the medical files of 131 of the patients.
Precipitation and identification of sHbSR in plasma
Plasma samples (100 L) from blood donors and patients were dialyzed overnight against 10 mM Hepes (Sigma, St Louis, MO), 140 mM NaCl, 2 mM CaCl 2 , and 1 mM MgCl 2 , and incubated 2 hours at room temperature with 30 g polyclonal rabbit anti-HbSR immunoglobulin (IgG) 1 coupled to cyanogen bromide-activated sepharose (Pharmacia). The beads were washed 6 times in phosphate-buffered saline (PBS), and bound protein was released by incubation in a sodium dodecyl sulfate (SDS)-Tris sample buffer for 4% to 16% SDS-polyacrylamide gel electrophoris. HbSR protein was then detected by nonreducing immunoblotting with the use of monoclonal anti-CD163 antibody (GHI/61) (PharMingen, Franklin Lakes, NJ) as primary antibody (2 g/mL). Deglycosylation of purified HbSR, recombinant sHbSR, and plasma sHbSR was carried out with the use of PNGase F (Boehringer, Mannheim, Germany).
Determination of the concentration of sHbSR in plasma
Polyclonal rabbit anti-HbSR IgG (0.004 g/L [4 mg/L]) was coated in microtiter wells. After being washed, 100 L sample (diluted 1:50 in PBS with albumin, pH 7.2) was added and incubated for 1 hour. The wells were washed, and 100 L monoclonal anti-CD163 antibody (GHI/61, 2 g/mL) was added and incubated for 1 hour. After being washed, 100 L peroxidase-labeled antibody (goat antimouse immunoglobulins, DAKO P447 [Carpinteria, CA], diluted 1:4000) was added and incubated for 1 hour. The wells were washed, and 100 L orthophenyldiamine/H 2 O 2 substrate solution was added. After 15 minutes, 50 L of 1 M H 2 SO 4 was added, and the plates were read at 492/620 nm. Control samples and standards of purified HbSR were coanalyzed in each run.
Determination of haptoglobin phenotypes
The haptoglobin phenotypes (1-1, 2-1, or 2-2) were determined by nonreducing immunoblotting of 12.5 nL serum or plasma with the use of a polyclonal rabbit antihaptoglobin antibody (DAKO) as primary antibody. Figure 1 shows the identification of a soluble form of HbSR by immunoprecipitation of plasma with polyclonal anti-HbSR-IgGsepharose and subsequent detection by immunoblotting. A single band with an apparent molecular weight close to that of the full-length membrane form of HbSR was detected. No soluble forms of HbSR with lower molecular weights were detected. The solubility and the size of the protein suggest that this protein constitutes the extracellular HbSR domain consisting of 9 SRCR protein modules. Accordingly, the soluble deglycosylated HbSR protein displays electrophoretic mobility similar to that of deglycosylated recombinant soluble HbSR consisting of SRCR modules 1 through 9.
Results and discussion
The anti-HbSR polyclonal antibody used for immunoprecitation and the monoclonal antibody used for immunodetection were then applied for antigen-immobilization and detection in a sandwich ELISA for measuring sHbSR (with purified HbSR used as a standard) in plasma. The specificity of the assay measuring increased levels of sHbSR was validated by immunoprecipitation/ immunoblotting of plasma from hematological patients (see below) with various levels of HbSR ( Figure 1B) . The median concentration of sHbSR in 130 blood donors was measured to 1.87 mg/L (range, 0.73-4.69 mg/L), yielding a reference interval of 0.89 to 3.95 mg/L (Figure 2A ). This high level is comparable to that of soluble transferrin receptor 13 and is several fold higher than that of 
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CD5, which is another member of the SRCR subfamily reported to be present in plasma. 14 The concentration of sHbSR was not related to the haptoglobin phenotype: the median level was 1.8 mg/L in persons with the 1-1 phenotype (n ϭ 9) and 1.9 mg/L in persons with the multimeric 2-1 (n ϭ 27) and 2-2 phenotype (n ϭ 16).
To evaluate whether the concentration of sHbSR might be affected in conditions with increased leukocyte stimulation and proliferation, we screened 140 patients admitted to a hematological department. Several of the patients in this group had sHbSR levels strikingly above the range measured in healthy blood donors (Figure 2A ). Highest levels of sHbSR were detected in patients with myelomonocytic leukemia (mean, 9.8 mg/L) (Figure 2A) , especially among those with newly diagnosed nontreated disease or infection. One patient with newly diagnosed acute monocytic leukemia (French-American-British M5b, expressing CD13, CD14, CD33, CD38, and HLADR) had an sHbSR concentration of 67.3 mg/L. A prospective analysis of the sHbSR level in 2 newly diagnosed AML M4 and M5 patients starting chemotherapy showed a parallel decrease in the high leukocyte count and sHbSR concentration ( Figure 2B shows the course of the M4 patient). Interestingly, the sHbSR level increased again shortly after an infection was diagnosed. Overall, there was a positive correlation between total leukocyte counts and sHbSR (r 2 ϭ 0.12; P Ͻ .0001; n ϭ 129), and between monocyte counts and sHbSR (r 2 ϭ 0.10; P ϭ .0003; n ϭ 122).
Some of the patients with lymphoma, lymphatic leukemia, and myelomatosis also had increased concentration of sHbSR. One patient with lymphoma and a high sHbSR level (23.2 mg/L) had a fatal sepsis. Two patients with myelomatosis and a high sHbSR concentration (8.5 and 6.4 mg/L) also had an infection. As seen in the right column of Figure 2A , the majority of hematological patients with infections had elevated levels of sHbSR. This may suggest that the high sHbSR level in some hematological patients is due to the infection rather than the primary disease. A significant correlation with plasma-C-reactive protein (P-CRP) was not observed (r 2 ϭ 0.03; P ϭ .11; n ϭ 88), but it seemed that patients with increased levels of sHbSR represented a fraction of the patients with increased levels of P-CRP (not shown). Most patients with anemia and other nonmalignant diseases had sHbSR levels within the reference range (Figure 2A) . Although one patient with intravascular hemolysis (due to artificial heart valves) had a high level of sHbSR (11.3 mg/L), no correlation between sHbSR and biochemical parameters of hemolysis (plasma-haptoglobin, blood reticulocyte counts, or Coombs test) was registered.
In conclusion, sHbSR represents a novel, abundant natural protein in human plasma in accordance with a physiological shedding of HbSR. Highly increased levels of sHbSR are seen in patients with myelomonocytic leukemias and infections. This suggests that the plasma level of sHbSR reflects the total pool of membrane-bound HbSR, which may be increased in case of proliferation of cells of myelomonocytic origin or in case of upregulation of HbSR expression by acute phase mediators. Prospective studies of various patient groups have now been initiated to further evaluate sHbSR as a diagnostic parameter in hematological and inflammatory diseases.
